Abstract. Selected populations of five closely related species of the genus Cicada L. were collected mainly on the Portuguese, Greek and Turkish mainland, as well as on several Aegean islands. Ten morphometric traits of external structures and seven of male genitalia were analysed and the results revealed patterns in morphometric variation for each species. Only C. lodosi was always completely discriminated by both character sets and C. barbara by the male genitalia analysis. For the remaining species there was great overlap between the clusters. Body length, of the external morphological structures, and measurements of the pygophore, of the male genitalia, were the best variables for identifying C. lodosi and C. barbara. The present morphometric analyses revealed that divergence in morphology is much less pronounced than the divergence in acoustic signals and DNA. Thus, the congruence between morphological divergence, namely at the level of the external structures, and both behavioural (acoustic) and genetic divergence is quite low.
INTRODUCTION
Cicadas are Hemipteran insects usually recognised by the ability of males to produce loud airborne acoustic signals during pairing and courtship (e.g. Claridge, 1985; Boulard & Mondon, 1995; Quartau, 1995) . Females are only attracted to the calls of conspecific males, thus cicada acoustic signals are species specific (e.g. Claridge, 1985) and can be used, like taxonomic characters, to identify most species of cicada.
In practice it is usually not always possible to have live specimens and thus difficulties may arise in the identification of cicadas. On the other hand, in many instances, like in the genus Cicada Linnaeus, where the male calls of the different species are quite distinct, it is difficult to separate specimens only on the basis of their morphology. In fact, these cicadas form a complex of sibling species looking very similar on the basis of the external morphology and even the male genitalia. However, a few differences in structure and colour can be found, especially when large series of specimens are analysed (Quartau, 1988; Simões et al., 2000; Quartau & Simões, 2006) .
Five species occurring mainly on the Portuguese, Greek and Turkish mainland, as well as on several Aegean islands, were analysed in this study: Cicada barbara Stål 1866 (with the two subspecies C. b. barbara Stål 1866 and C. b. lusitanica Boulard 1982) , C. cretensis Quartau & Simões 2005 , C. lodosi Boulard 1979 , C. mordoganensis Boulard 1979 and C. orni Linnaeus 1755 .
The objective of the present paper is to use a set of measurements of the external morphology and male genitalia to identify and quantify subtle differences between the five species in this complex and determine whether they are reproductively isolated (e.g. Claridge et al., 1997; Simon, 1992) by studying considerably more individuals of each of the five species than Quartau (1988) , who only studied C. orni and C. barbara. In particular, the phenetic (morphological) divergence will be assessed and compared with acoustic Quartau & Simões, 2006) and genetic data (Seabra et al., 2000; Quartau et al., 2000 Quartau et al., , 2001 Pinto-Juma, 2009 ).
MATERIAL AND METHODS
Males of the Cicada species were identified in the field by their songs, located and collected during the summers of 1996 to 2006 in the Mediterranean area. Specimens collected from populations of five species on the mainland as well as several islands were analysed (C. barbara, C. cretensis, C. lodosi, C. mordoganensis and C. orni) ( Fig. 1 ; Table 1 ).
Based on previous results (e.g. Quartau & Simões, 2006) it was decided to study two areas in particular: the first is located in the western part of the Mediterranean area (Iberian Peninsula and north-western Africa), where C. barbara and C. orni coexist. The second encompasses a larger assemblage of closely related species -C. cretensis, C. lodosi, C. orni and C. mordoganensis -and is located in the eastern part of the Mediterranean basin, and includes mainly the Balkans, the Aegean islands and Turkish mainland. Cicada permagna Haupt 1917 and C. cerisyi Guérin-Méneville 1844, two nominal species of doubtful affinities, which are reported from Turkey, and Egypt and Libya, respectively, were not considered.
In order to determine whether there are patterns in the variation in the size of the 10 morphological structures listed in Fig.  2 the measurements for a total of 316 males of five species (Table 1) were analyzed. The measurements were of external morphological structures (head and thorax including wings, and tymbals). In addition, a submatrix of measurements of seven traits of the male genitalia of 48 specimens was subjected to a morphometric analysis (Table 2 and Fig. 3 ). This analysis is of particular interest since some of the structures of the male genitalia are thought to be phylogenetically informative (e.g. Quartau, 1988; Claridge et al., 1997) . Using a ruler the lengths of the body and wings were measured to the nearest 0.5 mm. All the other measurements were made using a Wild M5 binocular microscope fitted with an ocular micrometer. Except for damaged specimens all measurements were made on the left side of each specimen. Each trait was measured twice and the measurements averaged.
Univariate analyses were used to estimate means and standard deviations, and minimum and maximum values. Nonparametric Kruskal-Wallis (KW) tests were used to compare the results for several independent samples of each trait, in addition to twosample comparisons using nonparametric Mann-Whitney U (MW) tests. The significance level of the multiple tests was assessed by changing the critical P value obtained using the Dunn-Sidak method from p < 0.05 to 1-(0.951) 1/k , where k is the number of tests (Dytham, 2003) .
Discriminant Function Analysis (DFA) of both the measurements of external morphological structures and male genitalia was used to identify the statistically significant discriminant functions that separate the groups and determine how each discriminant function contributes to the discrimination between groups. Moreover, a R-type principal component analysis (PCA) was also performed on both data sets, and the Kaiser criterion used to determine the components with eigenvalues greater than one. Ultimately, the results chosen for presentation were those selected on the basis of the results of the above statistical tests.
Statistical procedures were performed using Statistica 8.0 software (Statsoft inc., Tulsa, USA).
RESULTS
The present paper is a comparative morphometric study of selected populations of five closely related species of the genus Cicada in the Mediterranean area. A total of 316 males were studied. Figs 4 and 6, and Tables 3 and 9 give a summary of the descriptive statistics of the morphometric features measured.
External morphological traits
As expected, C. lodosi proved to be the biggest species (male body length: 48-51 mm) in all the morphometric features measured (cf. Fig. 4 and Table 3 ). In contrast, in terms of most of these features, C. orni and C. barbara were the smallest species (cf. Table 3 ). In addition, C. orni and C. mordoganensis were the most variable of the species (Fig. 4) , which can be related to the fact that there were larger samples of these species.
Nonparametric Kruskal-Wallis tests showed that all variables differed significantly among the species (p > 0.05).
In fact, the results of the Mann-Whitney U tests, after applying the Dunn-Sidak correction, indicate that C. lodosi differs in all morphometric traits, with the exception of the antenna-eye distance, from the other species, and C. orni differs from C. cretensis in all traits except the length of rostrum, tymbal width and wing width. When compared with C. mordoganensis, it differed in every trait except front length, tymbal width and tymbal length. It had fewer significant differences when compared with C. barbara (differed in head width, pronotum width, front length, antenna-eye distance, length of rostrum and tymbal length). Likewise, C. mordoganensis differed in few traits when compared with C. cretensis (front length and length of rostrum). Moreover, in terms of all the traits, Cicada barbara barbara and Cicada barbara lusitanica did not differ significantly.
When comparing specimens from different geographical areas (Portugal, France, Greece, Turkey and Cyprus) after applying the Dunn-Sidak correction, males of C. orni from some pairs of areas differed. Nonetheless, the eastern Mediterranean populations studied (from 
Cicada barbara lusitanica
Cicada barbara barbara Abbrev. Locality TABLE 1. Number of specimens of each Cicada species used in the analysis of the variation in external morphology, with abbreviations for the localities from which they were collected (abbrev.).
Fig. 2. Measurements of external morphology of the five species of
Cicada studied (different scales). 1 -body length (overall body length from tip of the head to the end of the wings in resting position); 2 -forewing length (distance from base of left forewing articulation to tip of wing); 3 -forewing width (greatest width of left forewing); 4 -head width (maximum head width measured between exterior eye margins); 5 -pronotum width (maximum width of pronotal collar); 6 -front length (length of the front measured along the dorsal median line); 7 -antenna-eye distance (distance between the base of the left antenna and the left ocular suture); 8 -rostrum length; 9 -tymbal length (overall length of left tymbal); 10 -tymbal width (greatest width of left tymbal ). Cyprus, Turkey and Greece) did not differ significantly from each other. In contrast, specimens from Portugal differed more from those from all the other areas, particularly the Greek specimens (differed in all morphometric traits except forewing width and antenna-eye distance). Portuguese specimens also differed from the French ones in body length, wing width, wing length and tymbal length, and the French specimens from the Greek ones in front length, tymbal length and tymbal width.
TOTAL
Discriminant function analysis of the ten morphometric traits of the species studied revealed that they differed statistically significantly in more of the traits than revealed by PCA (except for forewing length and tymbal width) (Table 4) . Body length, front length and length of rostrum were the variables with the lowest partial Wilks' lambda values (0.819, 0.817 and 0.681, respectively), and therefore the best characters for discriminating between groups (Table 4) .
Classification functions were significant for C. lodosi (p = 0.016), C. b. barbara (p = 0.022) and C. b. lusitanica (p = 0.041) ( Table 5 ). C. lodosi clustered mainly on the basis of its body length, while rostrum length, head width and body length were the most important traits for the clustering of the two subspecies of C. barbara.
Overall 81% of the classifications were correctly attributed (Table 6 ). All C. lodosi specimens were correctly attributed and for the remaining species it was 88% for C. orni, 76% for C. mordoganensis, 68% for C. cretensis, 69% for C. b. lusitanica and 43% for C. b. barbara.
The first and second roots of the canonical variables extracted eigenvalues of 1.58 and of 0.66, respectively (Table 7 ) and were mainly marked by negative coefficients for body length (-1.300) and rostrum length (-0.951). Root 1 discriminated mainly C. lodosi from all the remaining species, while root 2 was not particularly helpful in discriminating any species (Fig. 5, Table 8 ).
For most species except C. lodosi (Fig. 5 ), there were no clear-cut clusters, in spite of some clear trends in variation. C. barbara specimens are in the up-right quadrant but overlap some C. orni specimens (identified as from Portel, Molitg and Narbonne but not shown). On the other hand, most specimens of C. cretensis form a uniform cluster partially overlapping, however, C. orni and C. mordoganensis.
Moreover, C. mordoganensis and C. orni tended to cluster separately, overlapping in the middle. Noteworthy is that the specimens of C. mordoganensis from Turkey (not shown in Fig. 5 ) form a quite homogeneous group with little overlap with the remaining species.
In contrast, males of C. orni from several of the localities in western and south-eastern Europe clustered as a quite heterogeneous group (not shown in 5), with the French males forming a more or less consistent group closer to those of C. barbara (not represented) than those of C. cretensis and C. mordoganensis. 
Male genitalia
The analyses of the male genitalia, Fig. 6 and Table 9 , compared the seven variables for each of the species investigated. The specimens of C. barbara had lower values for the majority of the traits considered. In contrast, males of C. lodosi had higher values. The remaining three species had similar values. MW tests performed with the Dunn-Sidak correction did not reveal any significant differences between pairs of species.
Principal component analysis gave better results than DFA and the resulting two dimensional diagram of the relationships between species is shown in Fig. 7 . The first two components accounted for 77.9% of the total variation and more than half (65.3%) of the variation was explained by the 1st component. When plotting components 1 and 2, the distribution of most of the species along the 1 st axis is noteworthy. C. lodosi forms a clearly separated cluster in the upper left quadrant, similarly to what happened with the two subspecies of C. barbara in the right quadrant (Fig. 7) . In this plot there is some separation of C. cretensis and C. orni, which overlap considerably with C. mordoganensis.
Factor loadings were high (Table 10) for the majority of the variables and as component 1 had the highest loadings for most of pygophore related traits, this was the structure that contributed most to the discrimination among the Cicada species studied.
DISCUSSION AND CONCLUSIONS
Previous studies on external morphology have shown that it is possible to recognise some general trends in each of the Cicada species, however there is considerable overlap between species. Thus, when considering individual specimens it is difficult to make a correct identification (e.g. Quartau & Simões, 2006) . Our previous experience indicated that is particularly difficult to discriminate between C. orni, C. cretensis and C. mordoganensis.
The present results strongly support the impression based on intuitive analyses (Quartau & Simões, 2006) . In fact, all species showed a typical pattern of morphometric variation. However, with the exception of C. lodosi, the analyses based on external morphology did not completely discriminate between any species or populations, with a general overlap among species being the rule. Body length, representing size, was the most important morphometric trait allowing some discrimination and classification, namely for C. lodosi, the biggest species. Moreover, C. b. barbara and C. b. lusitanica were also fairly well discriminated on the bases of their body and rostrum lengths.
The analysis based on male genitalia traits discriminated the species better than that based on external mor- phology. In fact, it gave a good separation of both C. lodosi and C. barbara and to a lesser extent of C. cretensis. As indicated above, the pygophore proved to be the structure that contributed most to this discrimination.
It should be noted that the calling songs of C. lodosi and C. barbara are continuous while those of the other species are discontinuous, consisting of echemes of different duration, separated by silent intervals. In fact, the species that show the greatest morphological divergence (C. lodosi and C. barbara) are the ones with the greatest acoustic and genetic divergences (Quartau et al., , 2001 Quartau & Simões, 2006; Pinto-Juma, 2009 ). Therefore, the present results resemble those obtained from acoustic and genetic analyses.
On the other hand, the pronounced morphometric differences between the populations of C. orni from the eastern and the western Mediterranean (MW tests and results not shown in Fig. 5 ) correlate with the acoustic data (Pinto-Juma et al., 2005) . In the absence of samples from intermediate areas other than a few localities in France it is not possible to establish whether there is a cline from west to east.
The present results clearly corroborate previous studies (Quartau & Simões, 2006) , showing that in this complex of species the acoustic divergence observed in the calling songs is associated with low levels of morphological differentiation, especially in external morphology. Recent bioacoustic investigations have shown a similar pattern of divergence in other groups of cicadas. This is the case for Cicadetta montana Scopoli 1772, a complex of morphologically similar European species, which are also best characterized by their calling songs (e.g., Gogala & Trilar, 2004; Hertach, 2007; Sueur & Puissant, 2007; Gogala et al., 2008) .
However, it is interesting to note that this trend is not general for cicadas. For instance, in the case of the genus Tibicina Amyot, conspicuous morphological divergence is associated with very subtle acoustic differentiation (Quartau & Simões, 2003; Sueur & Aubin, 2003) .
Hence, the calling song of the genus Cicada not only plays a role in long range attraction but also in short range communication, which is important in specific mate recognition (Paterson, 1985) , as previous data suggested. This is possibly the reason why the divergence in morphology in these cicadas is less pronounced than the divergence in their acoustic signals, the latter being greater in sympatric species. In fact, C. lodosi can be sympatric with C. mordoganensis, while C. barbara lusitanica can either be allopatric or sympatric with C. orni (Sueur et al., 2004; Quartau & Simões, 2006) . On the other hand C. orni, C. mordoganensis and C. cretensis do not occur sympatrically and they are the three most similar and closely related species. Furthermore, no character displacement in acoustic characters between sympatric species of genus Cicada is recorded (Seabra et al., 2008) .
Summing up, the present morphometric analyses revealed that divergence in morphology is much less pronounced than the divergence in acoustic signals and DNA. Thus, the congruence between the morphological 
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